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HQHUJ\UHODWHGLVVXHVDQGVWUHQJWKHQ)(9V¶DXWRQRP\DQGUHOLDELOLW\6XFKDQ,&7VROXWLRQWDLORUHGIRULV
GHVFULEHGLQWKLVDUWLFOH7KHJRDOLVWRSURYLGHDQHIILFLHQW,&7EDVHGVROXWLRQLQWKLVILHOGE\GHVLJQLQJ
DQG GHYHORSLQJ D )(9RULHQWHG KLJKO\LQQRYDWLYH $GYDQFHG 'ULYHU $VVLVWDQFH 6\VWHP $'$6
HTXLSSHG ZLWK VXLWDEOH PRQLWRULQJ OHDUQLQJ UHDVRQLQJ DQG PDQDJHPHQW FDSDELOLWLHV WKDW ZLOO KHOS
LQFUHDVH WKH )(9¶V DXWRQRP\ GLVWDQFH WKDW FDQ EH WUDYHOOHG EHIRUH EDWWHU\ GHSOHWLRQ DQG RYHUDOO
HOHFWULFDOHQHUJ\HIILFLHQF\
6HYHUDO QDYLJDWLRQ DOJRULWKPV KDYH EHHQ GHYHORSHG LQ RUGHU WR LQIRUP WKH YHKLFOH¶V GULYHU RQ WKH
VKRUWHVWSDWKIURPWKHFXUUHQWORFDWLRQWRDGHVLUHGGHVWLQDWLRQ=HQJ	<DQJ7KHVHDOJRULWKPV




RI WKHVH DOJRULWKPV DUH EDVHG RQ WKH XVH RI D VKRUWHVW SDWK FDOFXODWLRQ DOJRULWKP VXFK DV 'LMNVWUD¶V
VKRUWHVW SDWK DOJRULWKP 'LMNVWUD ZKLFK DVVLJQV GLVWDQFHEDVHG FRVWV RU WUDIILFEDVHG FRVWV RQ
URDG VHJPHQWV DQG FRPSXWHV WKH PRVW FRVWHIIHFWLYH SDWK +RZHYHU VR IDU QRQH RI WKHVH DOJRULWKPV
FDOFXODWHV WKH PRVW HQHUJ\HIILFLHQW URXWH EDVHG RQ DFWXDO PHDVXUHPHQWV RU DFWXDO KLVWRULFDO GDWD RU
HPSOR\VPDFKLQHOHDUQLQJWHFKQLTXHVVRDVWROHDUQIURPH[SHULHQFH
7KH FDOFXODWLRQ RI DQ DYHUDJH FRQVXPSWLRQ RQ HYHU\ URDG VHJPHQW LQ RUGHU WR DGDSW WKH FRVWV RI
'LMNVWUD¶V DOJRULWKP ZRXOG QRW SURYLGH UHOLDEOH DQG DFFXUDWH UHVXOWV DQG ZRXOG WKXV QRW EH DQ LGHDO
VROXWLRQ 7KH UHDVRQ IRU WKLV LV WKDW HQHUJ\ FRQVXPSWLRQ GHSHQGV RQ QXPHURXV SDUDPHWHUV LQFOXGLQJ
YHKLFOH¶V FKDUDFWHULVWLFV ZHDWKHU FKDUDFWHULVWLFV WUDIILF FRQGLWLRQV URDG FKDUDFWHULVWLFV HWF 7KH
FRQVWUXFWLRQRIDGHWHUPLQLVWLFPRGHOWKDWGHVFULEHVWKLVSURFHVVLVDWDVNRIH[WUHPHO\JUHDWFRPSOH[LW\
+RZHYHU LW LV VWLOO SRVVLEOH WR GHWHFW FHUWDLQ SDWWHUQV RU UHJXODULWLHV WKURXJK PDFKLQHOHDUQLQJ 6XFK
SDWWHUQVFDQDVVLVWLQXQGHUVWDQGLQJWKHSURFHVVRUFDQEHXVHGWKRVHWRPDNHSUHGLFWLRQV$VVXPLQJWKDW
WKH IXWXUH DW OHDVW WKH QHDU IXWXUH ZLOO QRW GLIIHU VLJQLILFDQWO\ IURP WKH SDVW PRPHQW RI VDPSOH GDWD
FROOHFWLRQWKHSUHGLFWLRQVDUHUHDVRQDEO\H[SHFWHGWREHDFFXUDWH0RUHRYHUDPDFKLQHOHDUQLQJV\VWHP
KDVDOVRWKHDELOLW\WROHDUQDQGDGDSWWRFKDQJHVLQRUGHUWREHDOZD\VXSWRGDWH
3ULRU RI WKH DSSOLFDWLRQ RI PDFKLQHOHDUQLQJ WHFKQLTXHV WR D SUREOHP WKH ODWHU PXVW EH IRUPDOO\
GHILQHG,QRWKHUZRUGVDQDSSURSULDWHOHDUQLQJPRGHOPXVWEHFRQVWUXFWHG$OHDUQLQJPRGHOVKRXOGEH





IRU WKHHQHUJ\HIILFLHQW URXWLQJSUREOHP6SHFLILFDOO\ WKH LQVWDQFHDQGFRQWH[WXDO DVZHOO DV WKH WDUJHW






DQ DFWXDO RU SRWHQWLDO YHKLFOH URXWH DQG LW LV PDLQO\ SHUIRUPHG E\ PHDQV RI PDFKLQHOHDUQLQJ
IXQFWLRQDOLW\WKURXJKWKHXVHRIWKHVRFDOOHG0DFKLQH/HDUQLQJ(QJLQHV0/(V7KHRSHUDWLRQRIWKHVH
HQJLQHVLQFOXGHVWKHOHDUQLQJRUWUDLQLQJSURFHVVDQGWKHVFRULQJRUGHFLVLRQSURFHVV'XULQJWKHWUDLQLQJ
SKDVH WKH HQJLQH LV SURYLGHGZLWK D VHW RI KLVWRULFDO GDWD VR DV WR ³OHDUQ´ IURP WKHP KRZ WR SURGXFH
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UHOLDEOH HVWLPDWLRQV LQ IXWXUH \HW XQVHHQ VLWXDWLRQV 6XEVHTXHQWO\ WKH HQJLQH LV UHDG\ WR PDNH VXFK
SUHGLFWLRQVDFFRUGLQJWRFXUUHQWFRQWH[WDQGEDVHGRQZKDWLWKDVOHDUQHG
7KH UROH RI WKH PDFKLQHOHDUQLQJ V\VWHP LV WR SURYLGH WKH XVHU ZLWK DQ HQHUJ\HIILFLHQW RSWLPL]HG
URXWHDQGLQSDUWLFXODUWRDFKLHYHUHOLDEOHHQHUJ\FRVWSUHGLFWLRQV,QWKHFRQWH[WRIWKHSUHVHQWZRUNWKH
RQERDUG URXWLQJ SURFHVV LV LQGLUHFWO\ UDWKHU WKDQ GLUHFWO\ EDVHG RQPDFKLQHOHDUQLQJ 7KLVPHDQV WKDW
PDFKLQHOHDUQLQJ LV DSSOLHG VR DV WR SURGXFH UHOLDEOH HVWLPDWLRQV ³SUHGLFWLRQV´ RI WKH HQHUJ\ FRVW RI
HDFK URDG VHJPHQW0RUH VSHFLILFDOO\ WKH HQWLUH URXWLQJ SURFHVV LV HQYLVLRQHG DV IROORZV L 7KH RQ
ERDUG$'$6UHWULHYHVDVHWRIDOWHUQDWLYHURXWHVIURPWKHVRXUFHORFDWLRQWRDGHVLUHGGHVWLQDWLRQLL7KH

















































^9HKLFOH6SHFLILF'DWD$(&`Æ1(&)   
7KH1(&)LV UHODWHG WR WKH VDPHFRQWH[WDV WKHFRUUHVSRQGLQJ$(&YDOXH7KXV WKH IROORZLQJGDWD
SLHFHVFDQQRZEHVKDUHGE\WKHYHKLFOHLHVHQWWRRWKHUYHKLFOHVYLD99RUYLD9,,9
^&RQWH[W'DWD1(&)`  
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(DFK URZ FRPSULVHV GDWD WKDW KDYH EHHQ PHDVXUHG DQGPRUH VSHFLILFDOO\ D VHW RI LQVWDQFH DWWULEXWHV
VXFK DV WKH WLPHEDQGRU WKH W\SHRI GD\ZKHQ WKHPHDVXUHPHQWZDV FROOHFWHG DQG D VHW RI WDUJHW RI
DWWULEXWHVVXFKDVWKHHQHUJ\DQGWLPHVSHQWRQWKHURDGVHJPHQW:KHQHQRXJKGDWDFRQFHUQLQJDURDG
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,Q WKH IROORZLQJZH FRQGXFW DQ DQDO\VLV IURPDSHUIRUPDQFH VFRSHRI YLHZRQ WKH IHDVLELOLW\ DQG
VFDODELOLW\ RI WKH XVH RI0DFKLQH/HDUQLQJ (QJLQHV IRU HQHUJ\ HIILFLHQW URXWLQJ ,Q WKH FRQWH[W RI WKH
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SUHVHQW SDSHU 0/( LPSOHPHQWDWLRQ LV EDVHG RQ $UWLILFLDO 1HXUDO 1HWZRUNV 7ZR GLIIHUHQW QHWZRUN
VWUXFWXUHVRIPXOWLOD\HUSHUFHSWURQ03DUHWHVWHG7KHILUVWQHWZRUNKDVRQHKLGGHQOD\HUFRQVLVWLQJRI
QHXURQVDQGWKHVHFRQGRQHKDVWZRKLGGHQOD\HUVZLWKDQGQHXURQVUHVSHFWLYHO\,QERWKFDVHVWKH
QXPEHU RI LQSXW QRGHV DW WKH LQSXW OD\HU KDV EHHQ VHW WR EH WKH VDPH DQG HTXDO WR  QRGHV ,QSXW
SDUDPHWHUV UHIOHFW WKHFRQWH[W LQZKLFK WKHYHKLFOH LVRSHUDWLQJ VXFKDV WLPHRIGD\PRQWK HWF ,QSXW
SDUDPHWHUV FDQ EH VHOHFWHG IURP WKH OLVW RI 7DEOH  $V LW KDV EHHQ PHQWLRQHG WKH RXWSXWV DUH WKH
SUHGLFWHGHQHUJ\FRQVXPSWLRQDQGWKHSUHGLFWHGWUDYHOWLPHQRGHV+HQFHWKHWHVWHG$11VWUXFWXUHV
FDQEHGHQRWHGDVDQG7HVWQHWZRUNVZLWKPRUHWKDQKLGGHQOD\HUVDUHQRWWHVWHGDVLWLV
JHQHUDOO\ DFFHSWHG WKDW FRPPRQO\ WKH\ FDXVH H[WUD WUDLQLQJ GHOD\ EXW QR DFWXDO LPSURYHPHQW LQ
SUHGLFWLRQV&KLDQJHWDO-DLQ	1DJ8QOHVVLWLVPHQWLRQHGRWKHUZLVHWKHGHIDXOW$11
VWUXFWXUHWKDWLVEHLQJLQXVHLVWKHILUVWRQHLH
0RUHRYHU WKH ORJLVWLFDFWLYDWLRQIXQFWLRQIRU WKHKLGGHQ OD\HUVDQG WKH OLQHDUDFWLYDWLRQ IXQFWLRQIRU
WKH RXWSXW OD\HU LV XVHG FRPSO\LQJ WR D W\SLFDO $11 VHWXS 7KH WUDLQLQJ PHWKRG XVHG LV WKH VFDOHG
FRQMXJDWHJUDGLHQW0ROOHU'XULQJWKHWUDLQLQJSURFHVVWKHPRGHOLVWHVWHGDQGYDOLGDWHGZLWKD
UDQGRPVXEVHWRIWKHWUDLQLQJGDWD
7KH GLDJUDP LQ )LJ D GLVSOD\V WKH WUDLQLQJ WLPH RI WKH03 ³´ YV WKH VL]H RI WKH WUDLQLQJ
GDWDVHW7KHWUDLQLQJSURFHGXUHWDNHVSODFHIRUGLIIHUHQWVL]HVRIWUDLQLQJGDWDVHWVUDQJLQJIURPWR
PHDVXUHPHQWV$V REVHUYHG LQ JHQHUDO WKH WUDLQLQJ WLPH ULVHV DV WKH VL]H RI WKH WUDLQLQJ GDWDVHW





$QRWKHU LPSRUWDQW VWXG\ LVGHSLFWHG LQ WKHGLDJUDP LQ)LJE ,WGLVSOD\V WKH WUDLQLQJ WLPHRI WZR
QHXUDO QHWZRUNV ZLWK GLIIHUHQW LQWHUQDO VWUXFWXUHV $V FDQ EH REVHUYHG IRU VPDOO WUDLQLQJ GDWDVHWV WKH
GLIIHUHQFH LQ WUDLQLQJ WLPH LV QHJOLJLEOH 7KH VLWXDWLRQ DOWHUV IRU ODUJHU GDWDVHWV ODUJHU WKDQ 
PHDVXUHPHQWV 7KH WLPH GHOD\ LV DOPRVW GRXEOH IRU WKH ³´ QHWZRUN FRPSDUHG WR WKH ³´
QHWZRUNLQFDVHRIPHDVXUHPHQWV%DVHGRQWKHWHVWUHVXOWV LWFDQEHFRQFOXGHGWKDWHLWKHURIWKH





WKH QH[W GLDJUDP LW LV DVVXPHG WKDW LQ RUGHU WR ILQG WKH PRVW HQHUJ\ HIILFLHQW URXWH D VHW RI URDG
VHJPHQWV LQSDUWLFXODU WKH0/(VSHUWDLQLQJ WR WKHVHURDGVHJPHQWVKDV WREH LQLWLDOO\ WUDLQHG6HWVRI
WKUHHGLIIHUHQWVL]HVDVPDOOVL]HGFRQWDLQLQJURDGVHJPHQWVDPHGLXPVL]HGFRQWDLQLQJURDG
VHJPHQWVDQGD ODUJHURQHFRQWDLQLQJURDGVHJPHQWVDUHFRQVLGHUHG$VFDQEHREVHUYHG LQ)LJ
F WKH WRWDO WUDLQLQJGHOD\ LV UHVWUDLQHGXQGHUPLQXWHV IRUFDVHVRI UHODWLYHO\ ORZGDWDVHW VL]HV 
PHDVXUHPHQWVRUUHODWLYHO\ORZQXPEHURIURDGVHJPHQWV)RUFDVHVRWKHUWKDQWKHVHWKHWRWDOWUDLQLQJ




D JUHDW SHUIRUPDQFH HQKDQFHPHQW DQG WR D UHGXFWLRQ LQ WKH WLPH WKH XVHU KDV WRZDLW XQWLO WKHRSWLPDO
URXWHLVSUHVHQWHGWRKLP%\HQDEOLQJEDFNJURXQGWUDLQLQJLWFDQEHVDIHO\DVVXPHGWKDW±DWWKHWLPHRI
WKHXVHUUHTXHVW±WKHQXPEHURIXQWUDLQHG0/(VZRXOGEHFRQILQHGWRDUHODWLYHO\ORZQXPEHUHJ








03V DQG WKH ³´03V IRU WKH HQWLUH VHW LV FRPSDUHG )LJ G$JDLQ LW LV REVHUYHG WKDW WKH
WUDLQLQJ GHOD\ DOPRVW GRXEOHV IRU WKH KLJKHU FRPSOH[LW\ QHXUDO QHWZRUN ZKHQ XVLQJ WUDLQLQJ GDWDVHWV
ODUJHU WKDQPHDVXUHPHQWVEXW UHPDLQVFRPSDUDWLYHO\ WKHVDPH IRU ORZHUGDWDVHWVL]HV+HQFH LW LV
DGYLVDEOH WR FRPELQH ODUJHGDWDVHWVZLWK03VZLWKRQHKLGGHQ OD\HU$VSUHYLRXVO\ WKH V\VWHPZRXOG
JUHDWO\EHQHILWLQLWVSHUIRUPDQFHIURPEDFNJURXQGWUDLQLQJ
7KH GLDJUDPRI )LJ  UHSRUWV WKH WRWDO VFRULQJ WLPH IRU SUHGLFWLQJ WKH HQHUJ\ FRQVXPSWLRQ DQG WKH







0DFKLQHOHDUQLQJ JHQHUDOO\ LQYROYHV WZR VHSDUDWH SURFHVVHV WUDLQLQJ RU OHDUQLQJ DQG VFRULQJ RU
GHFLVLRQ 6HFWLRQ  LQYHVWLJDWHG WKH SHUIRUPDQFH DQG VFDODELOLW\ RI ERWK SURFHVVHV 6FDODELOLW\ VWXGLHV
ZHUH SHUIRUPHG E\ GHSOR\LQJ DSSURSULDWH $UWLILFLDO 1HXUDO 1HWZRUNV 9DULRXV SDUDPHWHUV ZHUH DOVR
FRQVLGHUHGLQWKHVWXGLHVLQFOXGLQJGLIIHUHQWWUDLQLQJGDWDVHWVL]HV0/(FRPSOH[LWLHVHWF





VFRULQJ WKH ILUVW LV E\ IDU WKHPRVW FRPSXWDWLRQDOO\ FKDOOHQJLQJ LL LWZDV IRXQG WKDW$11VDFKLHYH D
KLJK GHJUHH RI VFDODELOLW\ LLL WUDLQLQJ FDQ EH DFKLHYHG LQ OHVV WKDQ  PLQXWHV IRU D VHW RI  URDG
VHJPHQWV LQDZLGH UDQJHRIFDVHV LYEDFNJURXQG WUDLQLQJFDQKHOS WKH V\VWHPEH LQVWDQWO\ UHDG\ IRU
ZKHQVFRULQJLVUHTXLUHGYODUJHUWUDLQLQJGDWDVHWVDUHEHVWWREHFRPELQHGZLWKOHVVFRPSOH[$11VYL
JHQHUDOO\ XVLQJ D ODUJHU GDWDVHW IRU WKH WUDLQLQJSURFHVV UHVXOWV LQ KLJKHU WUDLQLQJ WLPHVZKLFK LPSOLHV
WKDWLWLVEHWWHUWRXVHODUJHUWUDLQLQJGDWDVHWVRQO\ZKHQWKHTXDOLW\RISUHGLFWLRQVDFKLHYHGE\WKH0/(LV
H[SHFWHGWRULVHVLJQLILFDQWO\DQGYLLVFRULQJLVDSHUIHFWO\VFDODEOHSURFHVVLQWKH$'$6$FFRUGLQJWR





7KLV ZRUN KDV EHHQ SHUIRUPHG XQGHU SURMHFW (FR*HP ZKLFK KDV UHFHLYHG UHVHDUFK IXQGLQJ IURP WKH
(XURSHDQ&RPPXQLW\¶V6HYHQWK)UDPHZRUN3URJUDPPH7KLVSDSHUUHIOHFWVRQO\WKHDXWKRUV¶YLHZVDQG
WKH&RPPXQLW\LVQRWOLDEOHIRUDQ\XVHWKDWPD\EHPDGHRIWKHLQIRUPDWLRQFRQWDLQHGWKHUHLQ
5HIHUHQFHV
&KLDQJ:=KDQJ'	=KRX/3UHGLFWLQJDQGH[SODLQLQJSDWURQDJHEHKDYLRUWRZDUGZHEDQGWUDGLWLRQDOVWRUHVXVLQJ
QHXUDOQHWZRUNVDFRPSDUDWLYHDQDO\VLVZLWKORJLVWLFUHJUHVVLRQ-RXUQDORI'HFLVLRQ6XSSRUW6\VWHPV
'LMNVWUD(:$QRWHRQWZRSUREOHPVLQFRQQH[LRQZLWKJUDSKV-RXUQDORI180(5,6&+(0$7+(0$7,.
-DLQ%	1DJ%3HUIRUPDQFHHYDOXDWLRQRIQHXUDOQHWZRUNGHFLVLRQPRGHOV-RXUQDORI0DQDJHPHQW,QIRUPDWLRQ
6\VWHPV±
.DSDULDV,	%HOO0*+7HVWLQJDUHOLDEOHLQYHKLFOHQDYLJDWLRQDOJRULWKPLQWKHILHOG,(7-RXUQDORI,QWHOOLJHQW
7UDQVSRUW6\VWHPV
.DSDULDV,%HOO0*+&KHQ<	%RJHQEHUJHU.,&1DY6DWRROIRUUHOLDEOHG\QDPLFURXWHJXLGDQFH,(7-RXUQDO
RI,QWHOOLJHQW7UDQVSRUW6\VWHPV±
/L4=HQJ=	<DQJ%+LHUDUFKLFDOPRGHORIURDGQHWZRUNIRUURXWHSODQQLQJLQYHKLFOHQDYLJDWLRQV\VWHPV,(((
,QWHOOLJHQW7UDQVSRUWDWLRQ6\VWHPV0DJD]LQH±
0ROOHU0)$VFDOHGFRQMXJDWHJUDGLHQWDOJRULWKPIRUIDVWVXSHUYLVHGOHDUQLQJ-RXUQDORI1HXUDO1HWZRUNV
6DOHKLQHMDG+	7DOHEL6$QHZDQWDOJRULWKPEDVHGYHKLFOHQDYLJDWLRQV\VWHP$ZLUHOHVVQHWZRUNLQJDSSURDFK
,QWHUQDWLRQDO6\PSRVLXPRQ7HOHFRPPXQLFDWLRQV,67
